Na+-driven flagellar motors of an alkalophilic Bacillus strain YN-1.
Flagellar motors of some alkalophilic Bacillus strains have been suggested to be powered by the electrochemical potential gradient of Na+, namely the (formula: see text) (Hirota, N., Kitada, M., and Imae, Y. (1981) FEBS Lett. 132, 278-280). In the present study, we quantitatively measured the (formula: see text) and motility of one of the strains, YN-1. Swimming speed of YN-1 cells increased linearly with a logarithmic increase of Na+ concentration in the medium up to 100 mM. The intracellular Na+ concentration and the membrane potential of the cell were about 30 mM and -170 mV, respectively, and stayed constant irrespective of Na+ concentration in the medium. Thus, the swimming speed changed as a function of the chemical potential difference of Na+ across the cell membrane. When the membrane potential of YN-1 cells was decreased by a combination of valinomycin and various concentrations of K+ in the medium, the swimming speed of the cells decreased linearly and reached zero at around -90 mV. Under the condition, the intracellular Na+ concentration stayed constant. Thus, the membrane potential was also a determinant of the swimming speed. Furthermore, the chemical potential of Na+ and the membrane potential were found to be equivalent as the energy source for motility. Therefore, it is concluded that the (formula: see text) is the energy source for the flagellar motors of YN-1 cells. Threshold value of the (formula: see text) for motility was about -100 mV.